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Question No. 03.08.01-11

Appendix Ato 10 CFR Part 50, General Design Criteria 1, 2, 4, 16 and 50, provide the
regulatory requirements for the design of the concrete containment. Standard Review Plan
(SRP) 3.8.1, Section Il discusses the applicable codes, standards and specifications, regulatory
requirements, and regulatory guides applicable to the design of the concrete containment.

The containment structure, including the basemat directly beneath the containment is integral
with the auxiliary building (AB) basemat. The staff noted that Section 3.8.1 of the DCD Tier 2
does not describe the jurisdictional boundary for design of the containment in accordance with
ASME Section lll, Division 2, Subsection CC. In accordance with Appendix Ato 10 CFR Part
50, General Design Criteria 1, 2, 4, 16 and 50, and SRP 3.8.1, the applicant is requested to
identify the jurisdictional boundary of the containment for design in accordance with ASME
Section Ill, Division 2 Code, and describe what aspects of the design incorporates additional
design requirements beyond the portion of the containment foundation directly beneath
containment shell. In addition, the applicant is requested to update Section 3.8.1 of the DCD
Tier 2 accordingly.

Response - (Rev. 1)

APR1400 has a mat foundation of reinforced concrete referred to as nuclear island (NI)
common basemat for the reactor containment building (RCB) and the auxiliary building (AB)
areas. The NI common basemat has variable thickness according to the arrangement of
structures, systems, and components. The thickness of the AB foundation is 10 feet, and that of
the RCB varies from 23 feet to 33 feet, except for the portions of tendon gallery and reactor
cavity area.

The design basis of the RCB and AB foundations conform to the requirement of ASME Section
I, Division 2, Subsection CC and ACI 349 codes, respectively. The boundary of jurisdiction
between the ASME and the ACI codes is as shown in Figure 1. The common basemat is
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divided into two parts by code jurisdiction at the thickness transition interface, and it is a logical
choice based on the physical configuration and functional requirements of the basemat.

In the APR1400 design, the anchoring of the containment shell reinforcement is limited within
the ASME code boundary as shown in Figures 3.8A-16 and 3.8A-17 of the DCD, and this is in
accordance with the ASME code interpretation 111-2-83-01.

ACI Code ASME Code ACI Code

| I 1 |

Figure 1 Jurisdictional Boundary for Design of Common Basemat

As the design criteria for the two portions of the basemat are different, the application of loads
for the basemat is also divided into two parts. Figure 2 represents the application of loads
based on the different code criteria. As shown in Figure 2, the load combinations provided by
the ASME and the ACI codes are used in the analysis and design of the RCB and AB
foundations, respectively.

Regarding the portion beyond the RCB foundation directly beneath the containment shell, the
following aspects are additionally considered in the analysis and design of NI common basemat.

At the interface between the two codes, a greater amount of reinforcement required by either
code is used, and the reinforcement of the RCB foundation is developed into the AB foundation
as shown in Figures 3.8A-16 and 3.8A-17 of the DCD. The provisions of both codes are used to
select a conservative development length.

The outside portion of the RCB foundation, i.e., the entire AB foundation area, is conservatively
designed using the larger member forces from the analysis results of the ASME and ACI codes.

For the effect of the ACI load combination on the RCB foundation, the load combinations in the
ASME and the ACI codes are compared. There are four kinds of loads that exist in the ACI load
combination but do not exist in the ASME load combination: operating pressure, miscellaneous
loads, crane and trolley load, and hydrostatic load. The operating pressure and miscellaneous
loads do not have an effect on the global behavior of the basemat, and these loads are not
considered in the NI common basemat analysis. The crane and trolley load is applied in the
analysis as self-weight of the fuel handling overhead crane. The hydrostatic load of water
storage tanks in the AB has minor effect on the RCB foundation.

In addition, the effect of the soil pressure on the RCB foundation is negligibly small because the
NI common basemat has a big dimension of 348 ft x 353 ft as described in DCD Section
3.8A.2.4.1 and the distance between the RCB foundation and AB outside wall is accordingly
long. Most of the soil pressure on the side walls of the AB foundation is transmitted through the
AB internal walls and has little effect on the behavior of the RCB foundation.
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Figure 2 Application of Loads based on Code Criteria

Impact on DCD

DCD Tier 2, Subsection 3.8.1.1.2 and 3.8.5.4 will be revised as indicated in the attachment
associated with this response.

Impact on PRA

There is no impact on the PRA.

Impact on Technical Specifications

There is no impact on the Technical Specifications.
Impact on Technical/Topical/lEnvironmental Reports

There is no impact on any Technical, Topical, or Environmental Report.
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The general configuration and dimensions of the containment structure are shown in
Figures 3.8-1 and 3.8-2. Local areas at the equipment hatch and two personnel airlock
areas are thickened as shown in Figure 3.8-3.

The containment has the following dimensions:

®

Inside diameter of containment: 45.72 m (150 ft)

b. Inside height of containment: 76.66 m (251.5 ft) from the top of base slab to the
ceiling of dome apex

c. Thickness of containment wall: 1.37 m (4 ft 6 in)

d. Dome thickness: 1.22 m (4 ft)

3.8.1.1.2 Foundation Basemat

A description of the foundation basemat is given in Subsection 3.8.5.

Appendix 3.8A shows the reinforcement details of the intersection where the containment
>vall intersects with nuclear island (NI) common foundation basemat.

3.8.1.1.3  Containment Shell

3.8.1.1.3.1 General

The cylindrical containment shell has a constant thickness of 1.37 m (4 ft 6 in) from the top
of the foundation basemat to the springline. The shell is thickened locally around the
equipment hatch, two personnel airlocks, feedwater, and main steam line penetrations.
The containment reinforcing consists primarily of hoop and meridional steel. Prestressing
tendons are also arranged in hoop and meridional directions. The tendons in the
meridional directions extend over the dome to form an inverted “U” shape.

3.8-2 Rev. 0
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The design basis of the NI common basemat under the RCB and the AB conform to the requirement
of ASME Section III, Division 2, Subsection CC and ACI 349, respectively. The boundary of
jurisdiction between the ASME and the ACI codes is shown in Figure 3.8-26. The jurisdictional
boundary is placed at the thickness transition interface due to the physical configuration and
functional requirements of the basemat. The anchoring of the containment shell reinforcement is
limited within the ASME code boundary as shown in Figures 3.8A-16 and 3.8A-17.

"deleted" (moved to DCD Section 3.8.5.4)
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The reinforced concrete basemat of the reactor containment building is designed in

accordance with ASME Section III, Division 2, Subsection CC. Other seismic Category I

basemats of reinforced concrete are designed in accordance with ACI 349 and the
Srovisions of NRC RG 1.142 where applicable.

The design and analysis details for the foundations of safety-related structures are discussed
“Z 251 in Subsections 3.8A.1.4.2,3.8A.2.4.1 and 3.8A.3.4.1.

The maximum differential settlement of foundation is 12.7 mm per 15.24 m (0.5 in per 50 ft)
within NI common basemat. The maximum differential settlement between buildings is
12.7 mm (0.5 in) based on enveloping properties of subsurface materials. In addition, the
common basemat is analyzed for construction sequences to minimize any potential
differential settlement during construction.

3.8.5.4.1 Analyses for Loads during Operation

The reinforced concrete foundations of seismic Category I structures are analyzed and
designed for the reactions due to static, seismic and all other significant loads at the base of
the superstructures supported by the foundation. The effect of the temperature load in the
basemat is negligible and is not considered in the basemat analysis based on ACI 349.
According to ACI 349, thermal gradients less than approximately 38 °C (100 °F) need not
be analyzed because such gradients do not cause significant stress in the reinforcement or
strength deterioration. In the NI common basemat, the temperature gradient is approximately
50 °F and a uniform temperature change is less than 10 °C (50 °F). The analysis of the
foundation mat is performed by a three-dimensional finite element structure model, and the
forces and moments determined in the analysis are input to the structural design.

The analysis and design of the foundations consider the effects of potential mat uplift, with
particular emphasis on differential settlements of the basemat.

The foundation of the seismic Category I structure analysis is performed considering a
soil/rock properties beneath the foundation as a nonlinear spring elements. The model is
capable of determining the possibility of uplift of the basemat from the subgrade during
postulated SSE events. The vertical spring at each node in the analytical model acts in

3.8-83 Rev. 0
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As the design criteria for the RCB and AB area of the NI common basemat are different, the
application of loads is also divided into two parts, as shown in Figure 3.8-26. The load combinations
provided by the ASME and the ACI codes are used in the analysis and design of the RCB and AB
foundations, respectively. Regarding the portion beyond the RCB foundation directly beneath the
containment shell, the following aspects are additionally considered in the analysis and design of NI
common basemat.

At the interface between the two codes, a greater amount of reinforcement required by either code is
used, and the reinforcement of the RCB foundation is developed into the AB foundation as shown in
Figures 3.8 A-16 and 3.8A-17. The provisions of both codes are used to select a conservative
development length.

The outside portion of the RCB foundation, i.e., the entire AB foundation area, is conservatively
designed using the larger member forces from the analysis results of the ASME and ACI codes.

For the effect of the ACI load combination on the RCB foundation, the load combinations in the
ASME and the ACI codes are compared. Four kinds of loads that exist in the ACI load combination
but do not exist in the ASME load combination are investigated: operating pressure, miscellaneous
loads, crane and trolley load, and hydrostatic load. The operating pressure and miscellaneous loads do
not have an effect on the global behavior of the basemat, and these loads are not considered in the NI
common basemat analysis. The crane and trolley load is applied in the analysis as self-weight of the
fuel handling overhead crane. The hydrostatic load of water storage tanks in the AB has minor effect
on the RCB foundation.

In addition, the effect of the soil pressure on the RCB foundation is negligibly small because the NI
common basemat has a big dimension of 106.0 m x 107.6 m (348 ft x 353 ft) and the distance between
the RCB foundation and AB outside wall is accordingly long. Most of the soil pressure on the side
walls of the AB foundation is transmitted through the AB internal walls and has little effect on the
behavior of the RCB foundation.
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ACI Code ASME Code ACI Code

Jurisdictional Boundary for Design of Common Basemat

ASME Load Combinations for RCB Foundation ACI Load Combinations for AB Foundation
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Application of Loads based on Code Criteria

Figure 3.8-26  Code Jurisdiction Boundary of Common Basemat

\—{Figure Added |




RAI 199-8223 - Question 03.08.01-11 Rev.1

Figure 3.7-41
Figure 3.8-1
Figure 3.8-2
Figure 3.8-3
Figure 3.8-4
Figure 3.8-5
Figure 3.8-6
Figure 3.8-7
Figure 3.8-8
Figure 3.8-9
Figure 3.8-10
Figure 3.8-11
Figure 3.8-12
Figure 3.8-13
Figure 3.8-14
Figure 3.8-15
Figure 3.8-16
Figure 3.8-17
Figure 3.8-18
Figure 3.8-19
Figure 3.8-20

Figure 3.8-21
Figure 3.8-22
Figure 3.8-23

APR1400 DCD TIER 2

Finite Element Model of Compound Building............cccccceevuvennnnnen. 3.7-109
Typical Section of Containment Structures (Looking North)............ 3.8-109
Typical Section of Containment Structures (Looking East) .............. 3.8-110
Local Area around Large Penetrations..........cccceecveeeeieeeeieeniieenneeens 3.8-111
Arrangement of Containment Post-Tensioning System..................... 3.8-112
Liner Plate and Anchorage System ..........cccoecvevieniiieiieniieeiienreeenn 3.8-113
Plan for Containment Liner below CIS..........ccoooiiiiiiiiniiiiieeee, 3.8-114
Details for Containment Liner below CIS ..........cccocoiiiiiiiniininn. 3.8-115
Typical Penetration Assembly System...........ccceevevieeiiienieenieenreennen. 3.8-118
Typical Electrical Penetration Assembly ..........cccccoceeveiiinieninniennne 3.8-119
Reactor Containment Building Section in N-S Direction.................. 3.8-120
Reactor Containment Building Section in E-W Direction................. 3.8-121
Containment Shell and Dome Analysis Model..........c.cccceeevieniennnn. 3.8-122
Equipment HatCh...........cooiiiiiiiiiiieeeeee e 3.8-123
Personnel ArlocK.........oooiiiiiiiii 3.8-124
Reactor Vessel SUPPOTLS .....ocouvieeiieieiie et e 3.8-125
Steam Generator SUPPOTLS......ccccuveerureeriieeriieerieeerieeeieeesieeeeiee e 3.8-127
Reactor Coolant Pump Supports .........ccceeeveerieenieenieenieeieenieeveeneen 3.8-129
PressuriZer SUPPOTES......cciiieeiieeeiieecieeeetee et eeeeree e 3.8-130
Detail of the Anchor Bolts for Reactor Vessel Support..................... 3.8-131
Detail of the Anchor Bolts for Steam Generator Snubber

SUPPOTL .ttt 3.8-132
Detail of the Anchor Bolts for RCP Vertical Column Support.......... 3.8-133
Detail of the Anchor Bolts for PRZ Skirt Flange Support................. 3.8-134

Finite Element Model for Auxiliary Building Global Structural

ANALYSIS .ottt et et e es 3.8-135

re 3.9-1  Reactor Coolant System Supports Diagram............ccccccveevveerirennennen. 3.9-248

igure 3.9-2  Summary of Analytical Methodology..........cccccveeveiiiinciiiiiiieeieee. 3.9-249

Figure 3.9-3  ASHSD Finite Element Model of Core Support Barrel..................... 3.9-250

Figure 3.9-4  Finite Element Model of Inner Barrel Assembly..........ccccccevveenne. 3.9-251
Figure 3.8-26 Code Jurisdiction Boundary of Common Basemat .............ccccceneeee. 3.8-xxx |

XXii Rev. 0

Attachment (6/6)



	Revised Response to RAI 199-8223_Question 03.08.01-11
	Question No. 03.08.01-11
	Response - Rev. 1
	Impact on DCD
	Impact on PRA
	Impact on Technical Specifications
	Impact on Technical/Topical/Environmental Reports


	Revised Response to RAI 199-8223_Question 03.08.01-11_Attachment

